The emergence of nematic electronic states which break the symmetry of the underlying lattice is a recurring theme in many correlated electron materials, among them the high temperature copper-oxide and iron-based superconductors. Here we provide evidence for the existence of nematic electronic states in the iron chalcogenide superconductor FeSe0.4Te0.6. The symmetry breaking states persist above TC into the normal state. We find an anisotropic coherence length, which is suppressed in a direction perpendicular to the nematic modulations. We interpret the scattering patterns by comparison with quasiparticle interference patterns obtained within a tight-binding model, accounting for orbital ordering.
The emergence of nematic electronic states which break the symmetry of the underlying lattice is a recurring theme in many correlated electron materials, among them the high temperature copper-oxide and iron-based superconductors. Here we provide evidence for the existence of nematic electronic states in the iron chalcogenide superconductor FeSe0.4Te0.6. The symmetry breaking states persist above TC into the normal state. We find an anisotropic coherence length, which is suppressed in a direction perpendicular to the nematic modulations. We interpret the scattering patterns by comparison with quasiparticle interference patterns obtained within a tight-binding model, accounting for orbital ordering. The crystal structure of iron-based superconductors, similar to other high temperature superconductors, consists of quasi-2D iron-pnictide or -chalcogenide layers with an iron square lattice at their center [1, 2] . Some of the materials undergo a structural phase transition to an orthorhombic phase, in the iron pnictides accompanied by a magnetic phase transition, breaking C 4 symmetry [3] . In both iron-based superconductors and cuprates, the symmetry breaking states emerge on the underdoped side of the phase diagram, where superconductivity is suppressed and the transition to a magnetically ordered phase (or the pseudogap phase in the cuprates) takes place [3] [4] [5] [6] . Nematic electronic states have also been detected in systems which exhibit a quantum critical point, indicating an intimate relationship between electronic correlations and nematic ordering [7, 8] . By a number of techniques (scanning tunneling microscopy (STM) [4, 9] , angle-resolved photoemission spectroscopy (ARPES) [10] , optical spectroscopy [11] , transport [12] ) anisotropy in the electronic states has been found which appears far too large to be explained in full by an orthorhombic transition. In BaFe 2 (As 1−x P x ) 2 , torque magnetometry shows the signature of electronic anisotropy at temperatures above the structural and magnetic phase transition [13] . The role of electronic nematicity in the context of superconductivity and its relation to the magneto-structural phase transition found in iron-based superconductors is still unclear. Theoretically, the anisotropies in transport and the electronic structure can be accounted for by including symmetry breaking via orbital or magnetic order [14] [15] [16] . Orbital order leads to a reconstruction of the Fermi surface, as does magnetic order [17] .
The key question is: what is the role of these nematic states with respect to superconductivity? While there is growing evidence that magnetic fluctuations may be responsible for the emergence of superconductivity in the iron-based materials [18] , it can also be mediated through a coupling of Cooper pairs by orbital fluctuations, albeit with a different order parameter [19] . Even if they are not the dominant coupling mechanism, orbital fluctuations have been shown to strengthen pairing in spin-fluctuation mediated coupling [20] . Both can lead to anisotropy once static order sets in.
The iron-chalcogenide superconductor FeSe 0.4 Te 0.6 has a superconducting phase transition at the temperature T C ≈ 14 K [21] and maintains tetragonal symmetry in both the normal and the superconducting state down to 4K; no phase transition from tetragonal to orthorhombic lattice structure has been reported [22] , neither has static magnetic order been found [23, 24] . Pure FeSe has a structural phase transition to an orthorhombic phase without, however, showing magnetic ordering [22, 25] ; whereas pure Fe 1+y Te does show a magneto-structural phase transition though with a different ordering wave vector [23] . In this letter we present a quasi-particle interference (QPI) study of FeSe 0.4 Te 0.6 by STM. We illustrate breaking of C 4 symmetry in both superconducting and normal state, and discuss its role in the formation of Cooper pairs at low temperatures. Further we compare our results to QPI patterns calculated from a tightbinding model. Among the iron-based superconductors, the iron chalcogenides are particularly well suited for STM experiments; they have a well-defined cleavage plane, exposing a nonpolar surface, and from low-energy electron diffraction (LEED) [26, 27] and ARPES [27] there is no indication of a surface reconstruction or the formation of surface states. STM topographies of our sample recorded after cleaving at low temperature show a surface as shown in Fig. 1(a) , yielding atomic resolution. STM images resolve the surface layer, which consists of the chalcogen ions selenium and tellurium. In agreement with previous STM studies [27, 28] , selenium and tellurium ions are imaged with different apparent heights. The ionic radii of selenium and tellurium indicate that atoms imaged higher (brighter) should be tellurium atoms and atoms imaged lower (darker) selenium atoms. This assignment is consistent with a composition analysis [ Fig. 1(b) ] based on the apparent heights, which yields a composition within a few atomic percent of the one determined from energy dispersive x-ray (EDX) measurements [29] . We do not observe excess Fe atoms in the STM images, which normally show up as protrusions in the topography and have distinct spectroscopic signatures. Spatial maps of the superconducting gap ( Fig. 1(c) ) show a gap inhomogeneity on the order of 20% [ Fig. 1(d) ] [29] .
Spectroscopic maps acquired at a temperature of T = 2.1 K over an extended spatial area allow us to investigate the electronic structure both in real and momentum space in this material. From analyzing the Fourier components of constant energy cuts through these measurements, the dominant scattering vectors can be extracted which reveal information about the electronic structure of the material. Spatial maps of the differential conduc- fig. 1(a) ), which should be equivalent for a tetragonal crystal structure. The symmetry breaking becomes more pronounced at negative bias voltages, and shows only negligible dispersion. This can be seen in more detail from line cuts taken along the nearest neighbour Fe-Fe directions To clarify the relation of these symmetry breaking states to superconductivity, we have taken maps at a temperature of T = 16 K(> T C ). The data show that the symmetry breaking excitations persist into the normal state, superconductivity forms on top of these excitations. In a line cut through the Fourier transform of differential conductance maps, it can be seen that the characteristic wave vector of the symmetry breaking states, which in the low temperature measurements becomes gapped due to superconductivity, can now be traced across the Fermi energy (Figs. 3(c) and (d) ). We show a quantitative analysis of the dominant scattering vector in Fig. 3(e) . The magnitude of this vector is q ≈ 0.12π/a Fe−Fe = 2π/16a Fe−Fe along the nearest neighbor Fe-Fe direction below and above T C , it decreases slightly with increasing energy. A similar scattering vector has been observed in the orthorhombic phase in thin films of FeSe by STM [30] . The magnitude of the dominant symmetry breaking wave vector is substantially smaller than what has been observed in 122 compounds [4] .
An analysis of the autocorrelation of spatial maps of the superconducting gap [as in Fig. 1(c) ] reveals strong anisotropy in the decay length of the correlation coeffi- cient in a direction parallel or normal to the wave vector of the symmetry breaking excitations (Fig. 4(a) ). The decay length of the autocorrelation is a measure for the superconducting coherence length. It can clearly be seen that the main directions coincide with those of the symmetry breaking modulations. Fits of an exponential decay to horizontal and vertical line cuts yield characteristic length scales of ξ x = 1.8 nm and ξ y = 3.0 nm [ Fig. 4(b) ]. Thus the superconducting coherence length is suppressed in the direction perpendicular to the stripe like modulations (parallel to their wave vector), whereas it is enhanced parallel to them. This clearly indicates an anisotropic suppression of the superconducting coherence length by the nematic electronic states. The interplay between nematic order and superconductivity as well as the anisotropic behavior of the superconducting coherence length has been studied theoretically, showing that already a small anisotropy in the hopping parameters can lead to substantial anisotropy in the coherence length [31] . The anisotropy of the coherence length which we observe is consistent with that found on vortex cores in FeSe [30] , with the difference that FeSe is clearly in a macroscopic orthorhombic phase. We can model the anisotropy in the QPI pattern by considering a tight-binding model. We employ the five band model by Graser et al. [32] , with appropriate renormalizations of the bands to ensure consistency with ARPES measurements [27] . We include orbital splitting by imposing different occupations for the d xz and d yz orbitals, which leads to a ferro-orbital ordering [17, 33, 34] .
We have not considered magnetic ordering since there is no evidence for static magnetic order in FeSe x Te 1−x through a wide range of the phase diagram [22, 25] , apart from pure FeTe [23] . Figures 5(a) and 5(b) show the Fermi surface calculated from the tight-binding model with tetragonal symmetry and the associated joint density of states (JDOS) to model the QPI pattern. Lifting the degeneracy between the d xz and d yz orbitals by including orbital splitting leads to a distortion of the Fermi surface [ Fig. 5(c) ] and consequently to anisotropic QPI scattering [ Fig. 5(d) ]. The dominant scattering vectors with orbital splitting are the two pronounced maxima near q = 0. The magnitude of this prominent scattering vector depends sensitively on the amount of orbital splitting introduced, while it shows only little dispersion. It can therefore be used to determine the amount of orbital splitting [see Fig. 5(e) ]. Comparison to the q-vector of the symmetry breaking states in our data, which is q ≈ 0.12π/a Fe−Fe , allows us to estimate the amount of orbital splitting to 8 meV (marked by gray arrow in Fig. 5(e) ), substantially less than the 60 meV which have been extracted for the 122 compounds [10] . This orbital splitting would correspond to a temperature scale of 50 K. In a recent ARPES study, the opening of a gap near the Γ-point has been reported which can be interpreted in terms of an orbital splitting of ∼ 18 meV for FeTe 0.55 Se 0.45 [35] , somewhat larger then what we find.
In the iron chalcogenides, the parent compound FeTe does exhibit a magnetic and a structural phase transition, however with a different ordering wave vector [23] , hence the symmetry breaking does not directly derive from the magneto-structural phase transition of the nonsuperconducting parent compound. At the other extreme of the phase diagram of FeSe 1−x Te x , FeSe which undergoes an orthorhombic phase transition shows orbital modification above its structural transition [36] and anisotropic patterns in STM [30] similar to those we observe in FeSe 0.4 Te 0.6 . Even upon suppression of the structural phase transition, which in FeSe x Te 1−x has been reported to occur around x = 0.5 [22] , our results indicate that the electronic structure remains unstable against a reduction of symmetry from C 4 to C 2 . In contrast to the iron pnictide compounds, where a similar anisotropy has been found in a number of observables, no SDW order has been reported for FeSe x Te 1−x with x > 0.2 [22, 25] , supporting an interpretation in terms of local orbital ordering. Our data cannot discriminate between scenarios in which the electronic nematicity is induced by nematic fluctuations, or rather due to an intrinsic instability towards orbital ordering [37] . It is suggestive to compare our results to recent measurements which show that nematicity develops at higher temperatures than where the orthorhombic distortion can be clearly detected [13, 36] , and also survives into the non-magnetic superconducting regime in BaFe 2 (As 1−x P x ) 2 where the lattice structure is tetagonal [13] .
In summary, we have observed anisotropic QPI scattering along the Fe-Fe direction in Fourier transform maps, indicating C 4 -symmetry breaking in a FeSe 0.4 Te 0.6 superconductor. An analysis of the autocorrelation of gap maps shows evidence of an anisotropic superconducting coherence length along nearest-neighbour Fe-directions, indicating a competition between symmetry breaking states and superconductivity. Modelling of the QPI data under from a tight-binding calculation including orbital splitting allows us to estimate the energy splitting between d xz and d yz orbitals.
